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PROCESS FOR PRODUCTION OF
FIBRINOGEN

This application 1s a U.S. National Stage application of
PCT/EP2011/066293, filed Sep. 20, 2011, which claims pri-

ority to U.S. Provisional Application No. 61/344,719, filed
Sep. 21, 2010, and European Application No. 10177640.9
filed Sep. 20, 2010, the entire contents of which are hereby
incorporated by reference.

BACKGROUND OF THE INVENTION

Fibrinogen, also known as clotting factor I, plays a key role
in haemostasis and wound healing. It 1s a glycoprotein syn-
thesized 1n the liver with an apparent molecular weight of
340.000 Da, 1s composed of two dimers, each of them built of
three pairs of non-1dentical polypeptide chains called Ac., b
and v linked by disulfide bridges. It circulates 1n the blood
stream at a concentration of approximately 150-400 ug/ml.
Upon injury of blood vessels, blood platelets are activated and
a plug 1s formed. Fibrinogen 1s involved 1n primary haemo-
stasis by aiding cross-linking of activated platelets.

In parallel activation of the clotting cascade 1s imitiated. As
the endpoint, fibrinogen 1s converted into fibrin by proteolytic
release of fibrinopeptide A and—at a slower rate—fibrin-
opeptide B by thrombin. The soluble fibrin monomers are
assembled to double stranded twisted fibrils. Subsequently
these fibrils are arranged in a lateral manner, resulting in
thicker fibers. These fibers are then cross-linked by FXIIla to
a fibrin network, which stabilizes the platelet plug by inter-
actions of the fibrin with activated platelets, resulting 1n a
stable clot.

Disorders and Deficiencies

Congenital afibrinogenaemia 1s a rare bleeding disorder,
where patients are suifering from inadequate clotting of the
blood due to lacking or malfunction of fibrinogen. This medi-
cal condition might lead to spontaneous bleeding episodes or
excessive bleeding after minor traumata or during nterven-
tional procedures.

Acquired deficiencies 1n fibrinogen are much more com-
mon than congenital afibrinogenaemia and may be mduced
by haemodilution or other events such as blood losses during
surgery, traumata, disseminated intravascular coagulation
(DIC) or sepsis.

Fibrinogen deficiencies can be corrected to normal fibrino-
gen levels in plasma of about 1.5-3 g/l by replacement therapy
with intravenous infusion of fresh frozen plasma or cryopre-
cipitate. However, these treatments are afflicted with the risk
ol introduction of pathogens, e.g. viruses or prions, into a
patient and are there-by generating additional disorders. It 1s
thus advisable to intravenously apply virus inactivated
fibrinogen compositions to restore fibrinogen at physiologi-
cal levels 1n a save way.

While there exists fibrinogen 1n preparations called fibrin
glue, fibrinogen adhesive, tissue glue and similar, these
preparations are intended for topical use as powders, pastes,
foams or 1n combination with fabrics as plaster on wounds,
they are not useable for intravenous application as their con-
sistency and composition would immediately initiate throm-
botic events when being injected. These preparations addi-
tionally contain thrombin, calcium salts and relatively high

amounts ol coagulation factor XIII. Examples for such prepa-
rations are US-A1-2008/003272, WO-A-95/22316 or

US-A1-2008/181878.
Processes for fibrinogen production are known Irom
EP-B1-1 240 200 which relates to a method of puritying

fibrinogen from a fibrinogen containing solution, comprising,
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application of a fibrinogen containing solution to an 1on
exchange matrix, under conditions such that fibrinogen binds
to the matrix, washing the 1on exchange matrix with a butier
solution comprising at least one w-amino acid, eluting the
fibrinogen from the matrix with a butter consisting of 10 mM
Tris, 10 mM citrate, 45 mM sucrose; and NaCl at a concen-
tration of 200 mM to 1.0M, and optionally recovering the
fibrinogen from the eluate.

EP-B1-0 771 324 refers to a process for production of a
virus free fibrinogen concentrate 1s obtained by subjecting a
solubilised plasma fraction containing fibrinogen to a chemi-
cal viral inactivation treatment, 1.e. a S/D or solvent/detergent
treatment, subjecting the resulting viral-inactivated fraction
to precipitation in a solution containing an amino acid at an
acidic pH to obtain a supernatant, filtering the supernatant to
obtain a purified fibrinogen concentrate, and recovering the
purified fibrinogen concentrate. The recovered fibrinogen
concentrate 1s subjected ultra violet radiation for a second
virus mactivation. The product 1s stabilized and lyophilized
prior to a third virus 1nactivation.

EP-B1-1 519 944 teaches the use of an immobilized metal

1ion aflinity chromatography matrix under conditions that the
fibrinogen and plasminogen bind to the matrix, and selec-
tively eluting the fibrinogen and 93% of plasminogen sepa-
rately from the matrix.

EP-B1-0 355 135 discloses a method for production of an
intravenously applicable fibrinogen by purification of a
fibrinogen solution over an anion exchange gel based on
cross-linked agarose comprising quaternary amine groups.
The fibrinogen produced 1s said to be free of factor VIlIc.

EP-B1-1 457 497 refers to a process for removing viruses
in fibrinogen solutions characterized by stabilization and
freezing of the solution and subsequent thawing thereof.
Separation of undissolved materials occurs prior to dilution
ol the protein and 1s followed by nanofiltration of the resultant
solution using filters of a pore size smaller than 35 nm.

US-A1-2006/0009376 also discloses a method to manu-
facture fibrinogen. Following repeated dissolution and pre-
cipitation of fibrinogen to remove factor XIII.

Goheen, S. C. etal. reportin Journal of Chromatography A.
816 (1998) 89-96, about HPLC 1on-exchange chromatogra-
phy of the plasma proteins albumin, fibrinogen, and 1mmu-
noglobulin (G) on nonporous column materials containing
either quaternary amine or sulfopropyl functional groups.

SUMMARY OF THE INVENTION

One object of the mmvention 1s providing of a fibrinogen
concentrate manufactured with dedicated pathogen eliminat-
ing and/or inactivation steps in the production process in
order to overcome adverse reactions or development of patho-
gen related illnesses. Said pathogens are selected from the
groups ol bacteria, viruses and prions, such as prion protein
scrapie (PrP”). Systemic application of such a fibrinogen
product via intravenous route allows treatment of congenital
afibrinogenaemia and acquired fibrinogen deficiencies.
Application of this standardized fibrinogen concentrate
allows fast treatment 1n emergency situations without time-
consuming thawing of fresh frozen plasma and lowered vol-
ume load and reliable coagulation properties due to essen-
tially constant composition.

A Turther object of this application 1s providing of a process
to manufacture a concentrate on an industrial level, 1.e. sev-
eral hundreds to thousands of liters starting material, such as
blood or blood plasma, although a small scale production, 1.¢.
some Yo liter to some liters, 1s also possible.
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These and further objects are accomplished by the process
of the mvention as claimed.

In general, the process of the invention for purification or
manufacturing of fibrinogen from fibrinogen containing
sources comprises the steps of:

forming a fibrinogen enriched precipitate by adding at least

one precipitating agent to the fibrinogen containing
SOUrce;

optionally 1solating the fibrinogen enriched precipitate e.g.

by centrifugation of said precipitate;

taking up the fibrinogen enriched precipitate in an aqueous

medium forming a fibrinogen containing solution,
optionally followed by filtration and/or ultra/diafiltra-
tion;

subjecting the fibrinogen containing solution to a chroma-

tography on a stationary phase having strong anion

exchanger groups by contacting said solution with said
phase under conditions that fibrinogen binds to said
phase;

followed by an elution of fibrinogen from the stationary

phase by means of an aqueous solution having a higher
ionic strength than the 1onic strength of the foregoing
step, vielding a fibrinogen enriched fraction which 1s
collected:

optionally followed by subsequent steps of dilution and/or

concentration of the fibrinogen enriched fraction;

and optionally filling of the fibrinogen enriched fraction

into suitable vials.

In one embodiment of the manufacturing process of the
invention the fibrinogen containing source 1s selected from
the group consisting of, blood plasma, plasma fractions, such
as Iraction I, or cryoprecipitate, cell cultures producing
fibrinogen and/or supernatants of said cell cultures. If cryo-
precipitate 1s not used as starting material, a fibrinogen con-
taining intermediate as starting material 1s produced by well
known methods like disclosed by Cohn, Kistler-Nitschmann
and modifications thereof.

For obtaining a pharmaceutical usable product 1t 1s advan-
tageous that the fibrinogen containing source 1s subjected to a
virus inactivating process for example a solvent detergent
pProcess.

According to another embodiment of the invention the
virus 1nactivation 1s performed prior to forming a fibrinogen
enriched precipitate. However, 1t 1s also possible to perform a
virus 1nactivation at a different stage.

According to yet another embodiment of the invention the
removal of virus mactivating substances 1s performed by o1l
extraction and/or chromatography with strong anion
exchangers.

A typical precipitating agent for use in the manufacturing
process of the invention 1s selected from the group consisting,
of amino acids such as glycine, high salt concentrations (salt-
ing-out) or polyethylene glycol.

According to still another embodiment of the invention the
taking up 1s resuspending of a paste in a buller having a pH of
7.5 to 8.3.

According to a further embodiment of the invention the
stationary phase has tertiary or quaternary amino groups.

The chromatography steps 1n the manufacturing process of
the invention can 1n particular be performed 1n a column.

Typically the storage form of the filled fibrinogen enriched
fraction 1s 1n liquid state, frozen state, preferably at <-15° C.,
most preferably below -30° C., or as lyophilisate.

Subject matter of the present invention 1s also a fibrinogen
enriched fraction obtainable according to the manufacturing
process of the invention. The fibrinogen enriched fraction of
the mnvention contains e.g. 0.01-9.0 ng fibrinopeptide A per
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mg fibrinogen. Further the fibrinogen enriched fraction of the
invention contains 0.80-1.10 mg fibrinogen-antigen per mg

fibrinogen, determined by the Clauss method; VWEF: Ag activ-
ity of <0.1 IU per mg fibrinogen; coagulation factor XIII
activity of 20.07 IU per mg fibrinogen; 0.01-1.00 ug fibronec-
tin per mg fibrinogen and less than 0.03 IU thrombin per mg
fibrinogen.

The fibrinogen concentrate is filled into final containers
alter sterile filtration and the may be stored in liquid, liquid
frozen or lyophilised form.

Fibrinogen produced according to this process i1s charac-
terised by very low amounts of impurities which ascertain the
nativity of the product and allows long term treatment of
people 1 need. FXIII 1s preferable at the concentration con-
tained, because 1t supports stabilisation of the formed fibrin,
while an overload of this transglutaminase 1s avoided.

The term “comprising’, “comprise” or “comprises’ can
also bereplaced by “consisting”, “consist” or “consists” with-

out altering the disclosure of the description.

DETAILED DESCRIPTION

Although 1n principle all fibrinogen containing sources can
be used according to the invention, cryoprecipitate 1s a pre-
terred source and 1n the following the cryoprecipitate serves
as a typical source of fibrinogen 1n the further description of
the manufacturing process of the invention.

Typically cryoprecipitate i1s reconstituted or solubilised
under suitable buffer conditions 1n particular at about neutral
pH (6.9-7.0 for example 1n a solution buifer containing Na-
citrate and NaCl), subjected to adsorption in particular with
Al(OH), and theresulting gel removed e. g. by centrifugation.
The supernatant can then become virus inactivated for
example by solvent/detergent (S/D) treatment. This method 1s
well known to the skilled person and has been originally
described 1n EP-A-131 740. S/D compounds such as Triton
(0O-[4-(1,1,3,3-Tetramethylbutyl) phenoxy]-polyethoxyetha-
nole) and TnBP (Tri-n-butyl-phosphate) are in particular
removed by extraction with castor o1l. For turther purification
the water-phase can be subjected to a chromatographic pro-
cess. Typically this can be performed by contacting the water-
phase with a strong anion-exchange gel, tri-methyl-amino-
cthyl (TMAE) grafted on matrix maternial, such as Fractogel ®
EMD-TMAE. Good results are achievable 11 the chromatog-
raphy 1s performed with buffers having a pH-value 01 6.9-7.1
and an osmolality of 570-610 mosmol/l. Under these condi-
tions fibrinogen 1s not bound to the stationary phase and hence
found 1n the flow-through or supernatant, the latter 11 a batch-
chromatography process 1s performed.

Unbound fibrinogen solution, containing typically about
40 g/1 (Clauss turbidometric method) 1s adjusted to pH=7.0-
8.0, i particular to pH=7.3-7.5. After addition of a suitable
precipitating agent, for example glycine, to a concentration of
0.8-1.2 M, i particular 0.9-1.1M the resulting solution can be
stirred for 60-120 min to precipitate fibrinogen. The fibrino-
gen containing precipitate can then be separated by centrifu-
gation and this intermediate fibrinogen paste might be stored
at =—70° C., preferably at —100° C. to -=70° C., for up to one
month. Already a single precipitation e.g. with glycine pro-
vides a fibrinogen paste suliliciently pure for further process-
ing.

The thus prepared intermediate can be resuspended 1n a
10-30 mM Tris butfer (pH=7.5 to 8.5), 1n particular a 13-25
mM Tris buller with pH=7.5-8.5. The suspension obtained
can then be filtered off and subjected to ultra/diafiltration for
example against 5 times of the suspension volume of the same
or a different builer.
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The resulting fibrinogen containing solution 1s then loaded
onto a strong anion-exchange gel preferably selected from a
group ol tertiary or quaternary amino groups as ligands
grafted to a matrnix. Said functional groups are selected from
well known diethyl-amino-ethyl (DEAE), tri-methy-amino,
tri-methyl-amino-ethyl (IMAE) and other groups whereas
the carrier material may be composed of cellulose, agarose,
silica, polymeric or ceramic material. Good results, 1n par-
ticular 1n the reduction of fibronectin and vitronectin, can be
achieved with trimethyl-amino groups graited to a hydroxy-
lated methacrylic polymer via a linking group such as Giga-
Cap Q-650M®. This 1s very surprising as the chemically
similar Marco-Prep High Q®, a methacrylic copolymer com-
posed of diethylene-glycol-dimethacrylate/glycidyl-meth-
acrylate also with trimethyl-amino ligands but misses the
hydroxyl functionality in 1ts polymeric backbone, 1s less effi-
cient 1n the reduction of said two proteins. The effective
reduction of the sticky fibronectin 1s very advantageous for
optional filtrations, such as ultra/diafiltration or nanofiltra-
tion, as the lifetime of filters 1s increased due to reduced
clogging. It the process 1s intended to include nanofiltration,
it 15 preferred to perform the process with a diluted solution
(fibrinogen concentration of about 2 g/1), 1n particular with a
cascade of nanofilters. The chromatographic gel or resin 1s 1n
particular preequilibrated with the same bufler as used for
resuspending the intermediate fibrinogen paste before apply-
ing the fibrinogen solution. Loosely bound substances were
washed out with equilibration bufler followed by washing
buffer (1.5 g/l sodium citrate, 6.0 g/l sodium chlonde,
adjusted to pH=6.8-7.2, preterably 6.9-7.1, and possessing
the conductivity of 11.0-13.0 mS/cm at room temperature of

20-25° C.).

Fibrinogen can then be eluted from the chromatographic
column with an elution bufier containing 1.5 g/1 sodium cit-
rate, and 10.0 g/l glycine 1n particular adjusted to the same pH
range as the washing buffer e.g. by HCI and/or NaOH and
adjusted with about 7.0 g/1 NaCl to the conductivity of 13.1-
15 mS/cm at room temperature of 20-25° C. Approximately
714% of the fibrinogen applied onto the column 1s recovered 1n
the eluate, whilst fibronectin 1s almost completely removed
from the fibrinogen containing eluate.

This filtered fibrinogen solution can further be concen-
trated by ultra/diafiltration to about 20-26 g/1 and sterile fil-
tered with membranes of 0.2 um nominal pore size. Persons
skilled in the art know that other concentrations, such as
1-19.9 g/1 or 26.01-30 g/1 or even higher are also achievable.
The fibrinogen concentrate of the present invention may also
be formulated with adjuvants and stabilisers known by the
skilled person such as carbohydrates, e.g. sucrose, trehalose,
amino acids, e.g. glycine, histidine, alanine, argimine and
detergents, e.g. polyoxy-ethylene-(20)-sorbitan-monooleate
(TWEEN 80®). This sterile filtered bulk 1s either optionally
stored for up to 5 days at —=70° C. or lower, 1n particular at = 70°
C. to =80° C., before being sterile filtered for a second time
and filled into final containers and optionally freeze dried or
directly filled 1into final containers and optionally freeze dried
without a second sterile filtration.

It 1s not necessary to add further builers, stabilisers, adju-
vants or other compounds, like coagulation factor XIII (F
XI1II). Coagulation factor XIII 1s present in the concentrate
with activities of =0.05 IU per mg fibrinogen (Clauss
method), 1n particular 0.07-0.3 IU per mg fibrinogen, 0.06-
0.5 IU per mg fibrinogen, or 0.053-1 IU per mg fibrinogen.
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The fibrinogen concentrate produced according to the pre-
sented process reveals 1ts nativity through a fibrinogen-anti-

gen/fibrinogen-Clauss relation of 0.80-1.10 1n particular
0.85-1.03, or 0.90-1.00; a fibrinopeptide-A content of 0.01-
9.0 ng per mg fibrinogen (Clauss method), 1n particular 0.03-
8.0 ng per mg fibrinogen or 0.08-6.0 ng per mg fibrinogen; a
VWE:Ag activity of <0.1 IU per mg fibrinogen (Clauss
method), 1 particular 0.001-0.09 IU per mg {ibrinogen,
0.002-0.07 IU per mg fibrinogen, or 0.002-0.04 IU per mg
fibrinogen; a factor XIII activity of =0.07 IU per mg fibrino-
gen (Clauss method), in particular 0.07-0.3 IU per mg fibrino-
gen, 0.08-0.5 IU per mg fibrinogen, or 0.07-1 IU per mg
fibrinogen; a fibronectin content of 0.01-1.00 ug per mg
fibrinogen (Clauss method), 1n particular 0.03-0.70 ug permg
fibrinogen or 0.05-0.40 ug per mg fibrinogen; and a plasmi-
nogen activity of 1-11 mIU per mg fibrinogen. Thrombin
activity was determined to be lower than the detectable limat
of 0.15 IU/ml for all runs and at the same concentrations of
fibrinogen as presented in table 1, which 1s equivalent to less
than 0.007 IU per mg fibrinogen or 0.0069-0.0001 1U/mg.

The 1nvention 1s further explained by the following non-
limiting example.

EXAMPL

(Ll

Cryoprecipitate, produced from plasma by established
methods, was reconstituted or solubilised at about neutral pH,
subjected to adsorption with AI(OH), and the resulting gel
removed by centrifugation. The supernatant was then virus
iactivated by solvent/detergent (5/D) treatment. S/D com-
pounds, Triton and TnBP were extracted with vegetable o1l
and the water-phase was contacted with Fractogel® EMD-
TMAE. Chromatographic conditions (pH-value of 6.9-7.1
and an osmolality of 570-610 mosmol/l) were employed
under which the fibrinogen did not bind to the gel and hence
was found in the flow-through or supernatant.

The solution of unbound fibrinogen was stirred for about
90 minutes after addition of glycine (1 mol/l final concentra-
tion and pH=7.4) to precipitate fibrinogen. The fibrinogen
containing precipitate was then separated by centrifugation,
yielding an intermediate fibrinogen paste.

The thus prepared intermediate was resuspended 1n 20 mM
Tr1s butfer (pH=about 8.0). The suspension obtained was then
filtered and subjected to ultra/diafiltration.

The resulting fibrinogen containing solution was then
loaded onto GigaCap Q-650M® and the chromatographic gel
or resin was preequilibrated with the same Tris butfer as used
for resuspension before applying the fibrinogen solution.
Loosely bound substances were washed out with the equili-
bration butler followed by washing with a wash butier (1.5 g/1
sodium citrate, 6.0 g/l sodium chloride, adjusted to about
pH=7.0 and a conductivity of about 12.0 mS/cm). Fibrinogen
was then eluted from the chromatographic column with an
clution buifer (1.5 g/l sodium citrate, and 10.0 g/1 glycine
adjusted to the same pH as the washing buffer and adjusted
with about 7.0 g/l NaCl to the conductivity of 13.1-15
mS/cm.).

The resulting fibrinogen solution was concentrated, formu-
lated and sterile filtered. This sterile filtered bulk was stored
for 5 days at —80° C. before being sterile filtered for a second
time and filled into final containers. One part of final contain-
ers was lyophilised while the other part was kept as a liquid
formulation.

The products of four different production runs were analy-
sed after reconstitution of lyophilised product. Reconstitution
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of lyophilisates was accomplished by addition of water for
injection (WFI) up to the concentration before lyophilisation.
All production runs were performed essentially in the same

way as presented 1n the example. Results are presented in
Table 1.

TABLE 1
Run Nr. 1 2 3 4 Range
Fibrinogen Clauss 22.1 22.6 25.0 25.0 22.1-25.0
(turbidimetric) [mg/ml]
Fibrinogen Antigen 20.7 19.1 22.0 23.0 19.1-23.0
[mg/ml]
I XIII [IU/ml] 2.9 2.5 2.4 2.6 2.4-2.9
VWFE:Ag [IU/ml] 0.1 0.1 0.1 0.1 0.1
Fibronectin 3.3 4.9 4.5 3.8 3.3-4.9
[Hg/ml]
Fibrinopeptide A 36 20 10 11 10-36
[ng/ml]

Table 2 presents the normalisation of measured values by
calculation of content or activity per mg fibrinogen, deter-
mined by the Clauss method.

TABLE 2
Run Nr. 1 2 3 4 Range
Fibrinogen Clauss 22.1 22.6 25.0 25.0 22.1-25.0
[mg/ml]
mg Fibrinogen- 0.937 0.845 0.880 0.920 0.845-0.937
Antigen/mg Fibr.-
Clauss
[U F XIII/mg 0.131 0.111 0.096 0.104 0.096-0.131
Fibr.-Clauss
[IU VWF:Ag/mg 0.005 0.004 0.004  0.004 0.004-0.005
Fibr.-Clauss
ng Fibronectin/ 0.149 0.217 0.180 0.152 0.149-0.217
mg Fibr.-Clauss
ng Fibrinopeptide 1.629 0.885 0.400 0.440 0.400-1.629

A/mg Fibr.-Clauss

Comparison with commercially available products.

Table 3 depicts measured values of commercially available
fibrinogen concentrates. All products were lyophilized prod-
ucts and were reconstituted according to manufacturers’
guidelines. Also shown i1s the range of values of runs 1-4
according to the present mnvention as already shown in table 1.

TABLE 3
present

product 1 product 2 product 3 invention
Fibrinogen Clauss 11.5 9.8 23.7 22.1-25.0
(turbidimetric)
[mg/ml]
Fibrinogen 16.3 19.1 21.0 19.1-23.0
Antigen
[mg/ml]
I XIII <0.2 <0.2 1 2.4-2.9
[IU/ml]
VWFE:Ag 14 1.3 3.8 0.1
[IU/ml]
Fibronectin 13.3 258.9 944.3 3.3-4.9
[Hg/ml]
Fibrinopeptide A 130 1843 814 10-36
[ng/ml]
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Also shown 1s the range of values of runs 1-4 according to the
present invention as already shown 1n table 2.

TABLE 4
present

product 1 product2 product 3 invention
Fibrinogen Clauss 11.5 9.8 23.7 22.1-25.0
(turbidimetric)
[mg/ml]
mg Fibrinogen- 1.417 1.949 0.886  0.845-0.937
Antigen/mg Fibr.-
Clauss
[IU F XIII/mg Fibr.- <0.017 <0.020 0.042  0.096-0.131
Clauss
IUVWF:Ag/mg Fibr.- 1.217 0.133 0.160  0.004-0.005
Clauss
ng Fibronectin/ 1.157 26418 39.844 0.149-0.217
mg Fibr.-Clauss
ng Fibrinopeptide 11.304 188.061 34346  0.400-1.629

A/mg Fibr.-Clauss

Comparison with a preferred embodiment of WO
01/48016.

1 g Fraction I paste was extracted with 8.33 g extraction
buffer (0.8M NaCl, 5 mM e-ACA (epsilon-aminocaproic
acid), 20 mM Na-citrate, 60 IU/ml heparin and pH=7.3, 1.e.
the improved buffer of paragraph 1.1.19)at37° C. for 2 hours.
50 g of a 2% aluminium hydroxide (alhydrogel) solution were
added to the supernatant of the extraction. The mixture was
stirred 15 minutes at room temperature, centrifuged at S000 g
for 10 minutes and the pellet was discarded. The alhydrogel
supernatant and a Glycin/NaCl butter (2.1M glycine, 20 mM
Na-citrate, 3.6M NaCl and 2.4 mM CaC(l,) were brought to
30.2° C. respectively 29.7° C. and the supernatant was added
to the builer within 4.5 minutes. The mixture of 1 part super-
natant and 2.05 parts buffer was stirred for 20 minutes at
30.2-31.1° C. and afterwards centrifuged for 10 minutes at
5000 g. The Gly/NaCl-precipitate was resolubilised 1n butfer
D representing 14 of the volume of the supernatant of the
fraction 1 paste extraction at about 21° C. at continuous
stirring for 2 hours. The resolubilised precipitate was there-
after S/D treated with Polysorbate 80 and TnBP for 1 hour at
concentrations of 1% (Polysorbate 80) and 0.3% (TnBP) at

about 23° C. Anion exchange chromatography was per-

formed with MacroPrep® HQ resin in an XK26 column and
about 20 cm bed height representing about 100 ml column
volume at a flow rate of 10 ml/min. equilibration took place
with 2 column volumes of improved MQ buller (50 mM
TRIS, 100 mM NaCl, 20 mM e-ACA at pH=8.0, paragraph
2.2.3) and conductivity (post column) reaching the given
boundaries of conductivity +-10% of MQ builer. After wash-
ing with 6 column volumes of MQ bulfer, fibrinogen was
cluted 1n a single peak with improved buifer ME (500 mM
NaCl, 1.1 mM Cac(l,, 10 mM Na-citrate, 10 mM Tris and 45
mM sucrose at pH=7.0, 1.e. bulfer D+2x200 mM NaC(l).

Analytical results are presented 1n table 3.

TABLE 5
WO
01/48016 present invention

Fibrinogen Clauss (turbidimetric) 5.90 22.1-25.0
[mg/ml]

mg Fibrinogen- Antigen/mg Fibr.-Clauss 0.845 0.845-0.937
IU F XIII/mg Fibr.-Clauss 0.440 0.096-0.131
[IUVWEF:Ag/mg Fibr.-Clauss 0.100 0.004-0.005
ng Fibronectin/mg Fibr.-Clauss 10.83 0.149-0.217
ng Fibriopeptide A/mg Fibr.-Clauss 6.02 0.400-1.629
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The mvention claimed 1s:

1. A process for puritying fibrinogen from a fibrinogen
containing source, said process comprising subjecting the
fibrinogen containing source to chromatography on anion
exchange resins, wherein the anion exchange resins are
selected from the group consisting of a support material com-
prising a hydroxylated methacrylic polymer with grafted ter-
tiary or quaternary amino groups.

2. The process of claim 1, wherein the amon-exchange
resin 15 trimethyl-amino groups graited to the hydroxylated
methacrylic polymer via a linking group.

3. The process of claim 1, wherein the fibrinogen contain-
ing source 1s a cryoprecipitate that has been solubilized at
about neutral pH.

4. The process of claim 3, wherein the cryoprecipitate
solution 1s treated with AI(OH), and the resulting gel 1s
removed.

5. The process of claim 3 wherein the cryoprecipitate solu-
tion undergoes virus 1nactivation, wherein said virus 1nacti-
vation 1s performed by employing a solvent/detergent (S/D)
treatment.

6. The process of claim 5 wherein the S/D reagents are
extracted with vegetable o1l and contacting the water-phase
with a TMAE resin ata pH-value of 6.9-7.1 and an osmolality
of 570-610 mosmol/1 1s performed.

7. The process of claim 3, further comprising precipitating,
fibrinogen 1n about 1M glycine to form a fibrinogen paste.

8. The process of claim 7 wherein the fibrinogen paste 1s
resuspended 1 about 20 mM TRIS butier at apH of about 8.0
and filtered to form a fraction suitable for loading onto said
anion exchange resin.

9. The process of claim 1, further comprising washing off
loosely bound substances with a wash buffer of about 12.0
mS/cm conductivity.

10. The process of claim 9 wherein fibrinogen 1s eluted
with an elution buffer contaiming sodium citrate, sodium
chloride, and glycine, about 1.5 g/l sodium citrate, about 7.0
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g/l sodium chlonide and about 10.0 g/1 glycine adjusted to a
pH of about 7.0 and a conductivity of 13.1-15 mS/cm.

11. The process of claim 10, wherein the obtained fraction
1s concentrated, formulated, sterile filtered and/or filled 1into
containers.

12. The process of claim 11, wherein the obtained fraction
1s lyophilised.

13. The process of claim 1 comprising the steps of

a) obtaining a fibrinogen containing source that 1s a cryo-
precipitate that has been solubilized at about neutral pH,

b) treating the cryoprecipitate solution with AI(OH), and
removing the resulting gel,

¢) treating the cryoprecipitate solution with a solvent/de-
tergent (S/D) solution to 1nactivate viruses,

d) extracting the S/D reagents from the cryoprecipitate
solution with vegetable o1l and contacting the water-
phase with a TMAE resin at apH-value 016.9-7.1 and an
osmolality of 570-610 mosmol/l,

¢) precipitating fibrinogen 1n about 1M glycine to form a
fibrinogen paste,

1) resuspending the fibrinogen paste 1n about 20 mL TRIS
buffer at a pH of about 8.0,

o) loading the resuspended fibrinogen paste onto a strong,
anion exchange resin comprising trimethyl-amino
groups graited to a hydroxylated methacrylic polymer
backbone via linking groups and washing off loosely
bound substances with a wash buffer of about 12.0
mS/cm conductivity,

h) eluting fibrinogen from the anion exchange resin with an
clution bulfer containing sodium citrate, sodium chlo-
ride, and glycine, about 1.5 g/1 sodium citrate, about 7.0
g/1 sodium chloride and about 10.0 g/1 glycine adjusted
to a pH of about 7.0 and a conductivity of 13.1-15
mS/cm, and

1) concentrating, formulating, sterile filtering and/or lyo-
philizing the eluted fibrinogen.
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